INTRODUCTION 41
Australia is a principal contributor to mineral aerosol in the southern hemisphere, with the 42 major atmospheric driver of dust emission from the continent being the westerly passage of 43 frontal systems across its lower half (McTainsh and Leys, 1993 ; Leslie and Speer 2006). In 44 particular, the operation of three different 'wind systems' in producing dust over Australia is 45 clearly recognised (e.g., Sprigg 1982 ). Pre-frontal northerly winds which 46 occur ahead of a front are frequently strong enough to raise dust in advance of the front as it 47 moves across the continent. The arrival of the leading edge of the front itself is typically 48 associated with well-developed westerly winds which have the potential to entrain especially 49 large quantities of dust. These westerlies can raise dust along an extended line aligned 50 roughly north-south, and are characterised by rolling dust storms with snouts often hundreds 51 The geomorphic role of these three wind systems in the entrainment and off-continent 57 transport of dust is well appreciated in Australia (e.g., Bowler, 1976; Sprigg, 1982, 58 McTainsh, 1989) and the three systems are associated with a classic wind-dust pattern 59 were generated by frontal activity as a whole (i.e. pre-frontal northerly, frontal westerly and 76 post-frontal southerly winds). Subtropical cold fronts are the most significant meteorological 77 feature affecting central Australia (Beringer and Tapper, 2000) and their structure, behaviour 78 and impact on surface energy exchanges were investigated in a series of field experiments 79 (Central Australian Fronts Experiment) in 1991 (CAFE91) (Smith et al., 1995) and 1996 80 (CAFE96) (Reeder et al., 2000; Beringer and Taper, 2000) . Fronts were typically found to 81 produce strong pressure gradients across the front lines capable of producing winds of high 82 speeds (Smith et al., 1995) . Pre-frontal troughs and heat troughs were also identified as 83 producing wind shifts similar to that of frontal systems, and are therefore also associated with 84 the entrainment of dust. Reeder and Smith (1992) describe the replacement of hot, dry 85 northerly winds with cooler southwesterly winds during spring and summer cold front 86 episodes, and winds shifting anticlockwise with the passage of the front (Reeder et al., 2000) . 
Wind speeds, direction and measured dust concentration 230
The timing and spatial development of the dust observed in the imagery can be linked to the 231 recorded wind speeds, directions and dust concentration at the three DustWatch sites plus 232
Marree meteorological station (Figure 2) . The dust source areas and plume pathways vary in 233 accordance with changes in the three wind systems. During the course of the event, as the 234 front passed across the lower LEB, the wind shifted from north through west, to south and 235
southwest. 236
On the morning of 10 th October, the pre-frontal synoptic situation produced north to 238 northeasterly winds across central Australia (Figure 3a ), which were recorded at all three 239 DustWatch stations (Figure 5 ). Through the morning at Moolawatana, wind strength 240 intensified from around 3 m/s (0800 EDT) to peak at 11 m/s (1000 EDT) and wind direction 241 shifted from northerly through west-northwest to westerly. Figure 4b indicates light coloured 242 dust transported in a southeast direction under these pre-frontal winds at 1205 EDT, and the 243 dust concentration at Moolawatana (320 km SE of LEN) shows the arrival of the dust on 244 these winds at 1500 EDT, three hours later (Figure 5a) . provided an opportunity to examine, for the first time in a single event, the dynamics of the 295 three main wind systems responsible for dust entrainment in the lower Lake Eyre Basin. 296
While only a single case study is presented, here we show that during the passage of an 297 individual front, dust entrainment can occur as a result of all three wind systems. This has the 298 potential to produce dust transport in three directions, to the south east (with pre-frontal 299 northerlies), the north east (with frontal south westerlies) and to the north west (with post-300 frontal southerlies), even in one dust outbreak. This case study illustrates the complex nature 301 of the wind systems that drive dust emission and transport in the Lake Eyre Basin, one of the 302 southern hemisphere's most significant dust sources. While the operation of the different 303 wind systems has important implications for the accurate mapping of dust activity within this 304 region, a larger study encompassing multiple events is required for a truly better developedunderstanding of the transport pathways. An important impetus for this research comes fromefforts to tackle large scale interactions at the heart of Earth Systems Science, as a more 307 accurate appreciation of dust activity can help constrain the timing and location of 308 transported dust in relation to specific marine responses (e.g., possible phytoplankton blooms 309 from aeolian fertilisation). 310 311 Furthermore, the findings from this single case study serve to illustrate the type of data 312 required for improved understanding of the erosional and transport role of wind systems in 313 other dust bearing regions. Considerably higher degrees of detail can be added to our 314 understanding of dust processes at a large basin scale with a range of data resolved 315 sufficiently to capture the effects of changeable wind speed and direction, even during the 316 passage of individual dust-producing weather systems. shows location of sites in relation to primary dust source, Lake Eyre North. Note the much 462 larger scale for dust concentration at Birdsville, and that meteorological data on the
